Introduction
Both of the sulphur-containing amino acids cys teine and its derivative penicillamine (/3,/?-dimethylcysteine) present three potential coordination sites for m etal ion binding, namely the sulphhydryl, amino and carboxylate groups. Site preference for a particular metal cation will depend upon a range of factors:
( 1 ) the nature of the metal and the ligand atoms (their classification as hard or soft), (2 ) the basicity of the functional groups, (3) the pH of the experim ental solution. (4) chelate ring form ation.
Zinc plays an essential role in a num ber of funda m ental biological processes. The binding properties of its divalent cation may be regarded as borderline between hard and soft, so that a strong preference for one of the coordination sites of cysteine (cys) or penicillamine (pen) would not be predicted on this basis. In contrast, the divalent cations of the heavier group 2 B homologues cadmium and mercury are sof ter and may therefore be expected to exhibit a more pronounced binding proclivity towards sulphur. In deed metal-sulphur-binding has been confirmed for all cysteine and penicillamine complexes of cadmium and m ercury, which have been characterised by Xray structural analysis [1] [2] [3] [4] [5] [6] . Analogous zinc com plexes have not previously been structurally charac terised. The only reported X-ray structure of a zinc complex of a cysteine derivative is that of bis(S-* Reprint requests to Prof. Dr. W. S. Sheldrick.
0340-5087/84/1200-1732/S 01.00/0 methyl-L-cysteinato)zinc(II) [7] . As the sulphur atom is m ethylated in this amino acid, it would not be expected to be favourable as a coordination site for zinc. Two five-m em bered chelate rings with Nand O-coordination of the metal atom are observed. One of the S-methyl-L-cysteine ligands also donates a second carboxylate oxygen atom leading to the for mation of an infinite chain in which the zinc atoms display a trigonal-bipyramidal geometry. Sulphur coordination of zinc has, however, been established for cysteine side chains in enzymes, for instance in horse liver alcohol dehydrogenase [8] . The cysteinerich m etallothioneines are strong ligands for group 2B metals and contain 6-11% of these metals [9] .
M easurem ent of the acid dissociation constants J-H 0 < U
1
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cysteine and penicillamine h 3l^H 2L + H + pK, = = 1.71 (cys) [10] , pK, = 1.92 (pen) [11] h 2l^±HL~ + H + pK2 = = 8.13 (cys) [12] , pK2 = 7.88 (pen) [12] HL"^±L2-+ H + pK 3 = = 10.11 (cys) [12] , pK3 = 10.43 (pen) [12] indicate that both amino acids (L) are present predom inantly in the zwitterionic form H S -C R 2-C H (N H 3+) -C 0 0 " (R = H , CH,) in the pH range 2-7. W hereas the pK t values may be un ambiguously attributed to the deprotonation of the carboxylate group, the similarity of the basicities of the S and N atoms prevents an individual assignment of pK 2 and pK 3. D eprotonated amino acid anions L2~ will predom inate in alkaline solutions with pH values greater than 11. As zinc does not dem onstrate a strong bonding preference for any one of the poten-tial coordination sites of cysteine or penicillamine the binding properties of these ligands will depend upon the pH value of the solution.
The variation of the composition of solutions of Zn2~ cations with respectively cysteine, penicil lamine [13] and cysteine methyl ester (mecys) [14] has been calculated on the basis of pH titration data by Perrin et [15] . Coordination sites were assigned on the basis of infrared spectra. The complexes Na2[Zn(L-cys)2]-4H 20 and Zn(L-m ecys) 2 were iso lated from strongly alkaline solutions. S,N-coordination of the metal was proposed, which is in accord ance with the stronger basicities of these atoms. Zn[Zn(L-cys)2] was prepared from a solution with a pH value ~6 (S,N ,0-coordination proposed) and a complex with the empirical formula Zn(L-H cys)X , X = Cl, Br from a m ore acid solution (pH = 2). It was suggested that this derivative contains the polynuclear cation [Zn3(L-Hcys)4]2+ with S ,0-coordination. The only solid penicillamine complex of zinc which has previously been prepared is Li2[Zn(D L-pen)2]-4H 20 , isolated from a strongly al kaline solution [16] .
In view of the lack of structural data on zinc com plex es of cysteine derivatives it appeared to us to be appo site to investigate the nature of complex species p re pared at differing pH values. In this work we present the preparation and X-ray structural characterisation
Experimental IR spectra (Nujol mulls, KBr) were run on a P er kin-Elmer 397.
Sodium bis(L-cysteinato)zincate(II)
hexahydrate (1) [15] 1 was prepared by the m ethod of Shindo and Brown [15] , who dried their product in vacuo over P20 5. 1 was recrystallised from a 1:1 ethanol-w ater solution to yield long needles, which were air dried. In contrast to Shindo 
Bis(O-ethyl-L-cysteinato)zinc(II) (2)
138 mg (1 mmol) ZnCl2 and 370 mg (2 mmol) Lcysteine ethyl ester hydrochloride were dissolved in 150 ml H 20 and the pH adjusted to 7 with N aO H . Colourless prismatic crystals were precipitated over a period of 24 h. 
D ibrom o-bis(DL-penicillamine)zinc(II) (3) and Dibromo-bis(D-penicillamine)zinc(lI)
(
X-ray structural analyses o f 1-4
Crystal and refinement data are summarised in Table I . Intensity data were collected in the a>-mode with graphite-m onochrom ated M oK a radiation (A = 0.71073 Ä). Empirical absorption corrections based on azimuthal scan data were applied to the intensities. The structures were solved with the help of Pattersonand difference syntheses and refined by full-matrix least-squares. The absolute configuration of the amino acids in 1, 2 and 4 was confirmed by means of Ham ilton R-tests [17] . The asymmetric unit of 1 con tains two independent [Zn(L-cys)2]2_ anions, both of which display crystallographic C2-symmetry. Two of lated structure factors may be received from Fachinform ationszentrum Energie, Physik, M athem atik, G m bH , D-7514 Eggenstein-Leopoldshafen 1. The Registry-N r., CSD 51061, the names of the authors and the reference should be given.
Discussion
Perspective drawings of the complexes 1 -4 are provided by Figs. 1-4 . All of the complex species display crystallographic C2-symmetry. In accord ance with the interpretation of the IR spectra [15] , N,S-coordination of zinc with the building of two five-m em bered chelate rings is observed for [Zn(L-cys)2]2_ (1) and Zn(L-etcys)? (2). The deprotonated carboxylate groups in 1 do not coordinate zinc atoms but do participate in the coordination sphere of the sodium cation N a l. A distorted tetra hedral geom etry is, therefore, observed for the zinc atoms in both 1 and 2 .
Bond lengths in the two independent anions of 1 are similar. The Z n -S distances of respectively 2.297 (1) (2) and 108.6(2)°), leading to a value for the dihedral angle between the two chelate rings, which is 7.8° larger in the first anion (98.6 and 90.8°). These rings take up a half chair form with the pseudo-<5-conformation. The carboxylate groups adopt the axial position with respect to the ring. A similar ring conformation and carboxylate group site are also observed for the symmetry related chelate rings in species 2. In this complex, the Zn -S distance of 2.273(1) Ä is somewhat shorter than those in 1 , the Z n -N distance significantly longer (2.090(1) vs. 2.047(3) and 2.066(3) Ä). The N -Zn -S angle of bite of the chelate rings is similar in 2 (91.5(3)°) but the exocyclic S -Z n -S angle with 124.6(2)° markedly narrow er than in the independent anions of 1. A dihedral angle of 98.7° is observed between the best planes of the chelate rings in 2. Both structures are stabilised by networks of hydrogen bonds. The posi tioning of the chelate rings relative to one another is different in complexes 1 and 2. W hereas in 1 the carboxylate groups adopt the "cis" position (see Fig. 1 ), in 2 they are sited "tran s" to one another, so that the molecules Zn(L-etcys) 2 display an extended structure (Fig. 2) . The observation of such isomers is made possible by the chirality of the a-C atom C2.
The structures of the complexes Z n (D L -H 2pen)2Br2 (3) and Z n (D -H 2p en)2B r2 (4) are similar. Comparison of their IR spectra with that of the free ligand [1] [1] . The cadmium atoms are not only coordinated by bidentate carboxylate groups but also by a deprotonated sulphhydryl group of a symmetry related penicillamine ligand, leading to the form ation of infi nite chains. The penicillamine ligands adopt the same conform ation in both complexes 3 and 4. In contrast to most S-containing amino acids [18] , the sulphhydryl groups are positioned antiperiplanar to the carboxylate groups.
C oordination sites in complexes 1-4 are in accord ance with the interplay of factors discussed in the introduction. In strongly alkaline solution cysteine is present as the fully deprotonated anion " S -C H 2-C H (N H 2)-C O C T . Formation of fivem em bered chelate rings is possible for both S,N-and 0,N -coordination. However, under these conditions zinc preferentially binds the more basic sites, namely the S and N atoms. Although the carboxylate group is deprotonated it does not bind the metal (which would lead to chain building), presumably as a result of the preference of zinc for fourfold (tetrahedral) rather than fivefold coordination. S,N-coordination is also observed at neutral pH for 2, in which case, however, the carboxylate group is ethylated and not favourable for binding. A t a pH of 7 both the S and N atoms are protonated. Complexes 3 and 4 were pre pared at a pH of 2, under which conditions penicil lamine (or cysteine) is present as a zwitterion in which the observed m onodentate coordination site, namely the carboxylate group, is deprotonated. It is interesting to note that Shindo and Brown isolated their polynuclear complex [Zn3(L -Hcys)4][ZnX4], X = Cl, Br, at a similar pH value. O ur attem pts to obtain single crystals of this complex have been un successful. It has been suggested [13] that penicil lamine is incapable of building polynuclear complex es, as a result of potential steric interactions of the two /3-methyl groups.
